The recovering of Peristedion cataphractum otoliths collected between 1991 and 1992 from specimens sampled off the southern coasts of Sicily has allowed a direct ageing and growth estimation to be compared with the length based method estimates produced in successive years. Overall, 855 left otoliths (sagittae) were recovered, measured, and read as a whole surface. The core and rings distances were also measured to perform back-calculation. The otolith length-body length relationships were allometric. Back-calculated lengths at age were in agreement with the lengths estimated with otolith readings. Present results showed a good congruency between otoliths and length based method.
Introduction
Peristedion cataphractum (L. 1758) is a demersal species distributed in the Eastern Atlantic and Mediterranean Sea [1] . It occurs on muddy bottoms, between 50 and 848 m (max depth reported), showing a preference for the upper slope (201-500 m) [1] [2] [3] [4] .
The available information on the life history of P. cataphractum has been recently reviewed [4, 5] . The eggs are spawned from May to October; recruits occur continuously from September to March, but the recruitment peak is from late December through March. The size at onset of sexual maturity ( at 50%) is achieved at 191 and 212 mm for females and males, respectively. The growth of P. cataphractum has been examined along the southern coasts of Sicily (Mediterranean Sea) by applying length based methods (LBMs). Up to five significant modal components were evidenced, with the first 2-3 being well distinguished. Two sets of the special von Bertalanffy function were derived reflecting juveniles/adult ( ∞ = 380 mm, −1 = 0.34, and 0 = −0.76) and adults ( ∞ = 313 mm, −1 = 0.28, and 0 = −0.99) growth trajectories [4] . The suitability of the LBM, even in stock showing discrete recruitment such as P. cataphractum, has been criticized by many authors, and comparison with direct ageing method was strongly suggested [6] [7] [8] [9] . The main drawbacks of LBM (especially in long living species) consist in the difficulty to distinguish the oldest cohorts (year classes) given the "pile up" effect due to the growth rate reduction and wide dispersion of lengths at age; that is, medium sized fish might have an age higher than expected; more briefly, LBM methods tend to yield higher and lower ∞ [7, 8] .
In the specific case of P. cataphractum, the recovering of otoliths sets occasionally collected between 1991 and 1992 off the southern coasts of Sicily has allowed a direct ageing and growth estimation to be compared with the length based growth estimates produced in successive years [4] . 
Materials and Methods
The recovered otoliths were found during a check of the material stored in the ex-IRMA collection. In particular, the otoliths resulting were extracted from specimens gathered by trawling the grounds off the southern coasts of Sicily between 1991 and 1992 [10] . The corresponding fish information (sampling date, haul number, total length, and sex) was derived from the enclosed labels. The otoliths (left sagittae) were taken out from the paper envelope, cleaned, and examined with reflected light under a dissecting microscope (25x) under a dark background, by reading the translucent zones along the rostrum.
A zone or check was considered "true" only when it was clearly distinguishable along the rostrum. "Blind" readings were independently performed twice in successive times. In case of divergence, the same otolith was read again and the two new counts were compared. In case of persistent divergence, the otolith was rejected and only those counts in fully agreement were maintained for the successive analysis. In particular, among the 855 otoliths recovered, 828 (i.e., 96.8%) resulted readable, analyzed (following [11] for terminology), measured, and used for both direct and back-calculated size at age estimation.
The radius of the th band ( ), that is, the distance from the core of the otolith to the outer margin of the translucent ring, and the radius of the otolith at capture ( ), distance from the core of the otolith to the periphery, were measured ( Figure 1 ). All measurements were always made along the longest axis of the otolith with an image analysis system.
The relationships between the maximum or ultimate otolith radius ( ) and total body length (TL, rostrum included) were determined for unsexed juveniles (J), males (M), females (F), and categories combined (All = F + M + J; Sexed = M + F; JM and JF, 50% randomly split unsexed plus males and plus females, resp.). The relationships were elaborated according to the natural (Naperian) logarithm transformed allometric equation:
where and are the otolith radius and fish total length while is the intercept and is the slope (or allometric coefficient); and were estimated by ordinary least squares method within the Mystat software [11] ; the linear regression assumptions were checked by performing the analysis of residuals. The isometric condition ( 0 : = 1) was tested by Student's -test. The differences between sex and sex categories were tested by an analysis of covariance (ANCOVA). Putative ages were assigned assuming that one opaque and one translucent zone are formed each year [12] as the general case for triglids [13] [14] [15] [16] [17] [18] [19] [20] and other deep demersal Mediterranean stocks [21] . The fish length at which different zones were deposited was back-calculated using the following equation [22] :
where TL is the fish length at capture, TL is the fish length at time , is the otolith length at the capture, is otolith length at time , and are the intercept and the slope of the fish length-otolith radius relationship.
The size at age data was used to estimate, by implementing the Solver routine in Excel, the von Bertalanffy growth function (VBGF) parameters according to the following formula:
where is the length at age , ∞ is the maximum (asymptotic) length, is a measure of the growth rate (the rate at which ∞ is approached), and 0 is the theoretical age at = 0. Goodness of fit was assessed on the base of mean square error (MSE).
An analysis of the residual sum of squares (ARSS) was employed to compare the VBGF parameters between sexes. The -statistic was calculated as in [22] 
where RSS p is the residual sums of square (RSS) of the VBGF fitted by pooled data (samples from both population pooled), RSS s is the sum of the RSS of each VBGF fitted to each population, is the number of samples in the comparison, and is the total sample size. The calculated value was then compared with the critical , with 3 × ( − 1) and − 3× , degrees of freedom for the numerator and denominator, respectively.
Results
The overall sample features (size number, mean, maximum, minimum, and standard deviation values of the fish total length and otolith length for females, males, and unsexed) are presented in Table 1 . The relationship between otolith radius ( ) and total length (TL) has been calculated on 828 specimens. 27 unsexed juveniles with TL > 139 mm, a length threshold above which the sex is detectable at naked eye, MSE: mean square error; probability of Student's -test for differences between allometry coefficient and "1" (isometric condition). Table 2 ). Otoliths of P. cataphractum exhibited a negative allometry in both sexes (Student'stest, < 0.01). The relations including juveniles (JF, JM) were stronger ( Table 2 ). The age-length key derived by direct reading of otoliths (Table 3 ) and the plot of mean lengthat-age data of P. cataphractum (Figure 3 ) resulted in the identification of up to 11 age classes (the older, however, with very scanty specimens). Age class 1 was the largest with 284 individuals. The first ring represents the settlement (or demersal) ring. The individuals that had only this ring (recruits) formed the 0.5 age class (50-80 mm TL). No false ring associable to spawning events was detected. Backcalculated lengths at age were in agreement with the lengths estimated with otolith readings (Figure 3, Table 3 ). The estimated parameters of the VBGF are presented by sex and category in Table 4 . The growth curves generated by VBGF for males and females did not differ between sexes (ARRS -test = 3.15; = 0.065).
Discussion
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is laterally compressed and left-right symmetrical. The shape is elliptic, with small and round rostrum, and absence of antirostrum. The proximal face shows a homosulcoid, ostial, and median sulcus acusticus. The posterior region is angled.
In our study 11 age groups have been identified. In the eastern Mediterranean Sea [12] up to 7-year-old specimens were found. Females and males seem to have a similar growth rate. The estimated lengths at age were close to those estimated for the eastern Mediterranean Sea [12] .
Regarding VBGF estimations, two different growth trajectories by length based method have been reported for P. cataphractum [4] . In particular, the two data sets previously analyzed corresponding to 1994-1998 and 2000-2005 showed differences. In the first period the recruits were well represented in the sample while in the second data set the adult component was prevalent. For this reason two different growth trajectories, that is, juvenile, with higher ∞ and , and the adults with lower ∞ and were given. The 1994-1998 estimations are more similar to the asymptotic size estimations reported for P. cataphractum in the eastern Mediterranean Sea [24] and coherent with the other searobins [13] [14] [15] [16] [17] [18] [19] . The lower ∞ and estimations obtained in the 2000-2005 data sets can be derived from the theoretical approach resumed in [25] , which consider the whole growth curve of a given iteroparous and long living stock as the resultant of two growth trajectories, the juvenile (with higher ∞ and ) and the adults (with lower ∞ and ), quite overlapping at the transition phase usually coincident with the achievement of sexual maturity.
In this study, the growth curves estimated by combining sexes were more representative and in accordance with adults growth trajectory ( ∞ = 313 mm, −1 = 0.28, and 0 = −0.99 [4] ).
The results obtained with the back-calculation method were satisfactory as they showed the consistency in the interpretation of the sequence of growth increments.
P. cataphractum represents an appreciable by-catch of shrimp trawl fishery [26] and a significant part in discard of the Mediterranean fisheries. In the context of the "landing obligation" in EU waters, according to which almost all the catch must be landed, this information will help in future ecology based management reforms.
